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GENERAL l!ANDL'ING-QUALIT.II:raS RESULTS OBTAINED DURING ACCEPTANCE 

FLIGHT TEST3 OF TRE BELL XS-1 AIRPLANE 

By Walter C. Williams, Charles M. Forsyth, and. Beverly P. Brovn 

SUMMARY 

During the acceptance tests conducten by the Bell Aircraft 
Corporation on the :Bell XS-1 transonic research airplane, NACA instru
ments were installen to measure the stability and control ~harac
teristice and the aerodynamic loads. Teste were made in gliding 
flight. and. in povered .flight. Two Bell XS-1 airplanes were used. 
during the progra.m.j one airplane had wing and. tail thicknesses of' 
10 percent and 8 percent of' the chord, respectively, and the other 
airplane had wing and tail thicknesses of' 8 percent. ani 6 percent of' 
the chord, respect! vely. The results f'or the stability and control 
measurements are presented in .-this paper. 

In general, the handling qual! ties of' the :Bell XS-1 airplane are 
satisf'actory in the f'light range from mtniillUlll. speen to a Mach number 
o.r about 0.8, and the airplsne should be eatief'actory f'or use as a 
research vehicle. The longitudinal stability was positive but low 
:for all condi tiona tested. The. directional stabtli ty was exceptionally 
high, and. the lateral stability was positive throughout the speed range 
tested. Aileron control vas adequate. Tha stalling characteristics 
were considered satisf'actory with stall warning in the form of' 
buff'eting. The large amount of f'riction tn the control system, coupled 
with low control-operating f'orces, made exact control of' the airplane 
diff'icult. 

There was no appreciable d.if'ference in the handling qualities of' 
the Bell XS-1 with the 10-percent-thick wing and with the 8-percent
thi ck wing in the speed. range tested. 

INTRODUCTION 

During 1941~, the Army and the NACA began a cooperative program. 
f'or the development and the procurement of a series of' airplanes f'or 
flight research in the transonic and supersonic speed range. This 
program was undertaken in anticipation of the increase in importance 
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o~ flight research in the transonic speed range where the aerodynamic 
characteristics o~ airplanes were known to show large and sudden 
changes and where wind tunnels would require long and painstaking 
development to provide dependable data. 

As the ~irst phase of this long-range high-speed flight research 
program, the A.rrq Air Forces procured ~m the Bell Aircraf't 
Corporation tha XB-l., a straigh'b-v!ng rocket-powered airplane. 
During the design of this airplane, extensive tests were run in NACA 
wind tunnels. When the airplane reached the flight-test stage, NACA 
recording instruments, which provided data on flights made during the 
Bell acceptance tests, were installed. 

The first ~light tests ~or the Bell XS-1 were a series of ten 
glide flights made at Pinecastle A.rrq Air Field, Fla., in ear~ 1946. 
During these flights, which were made ~or the purpose of flight
checking the technique of launching the Bell XS-1 from a B-29 and in 
order to obtain preliminary handling characteristics, the rocket mtor
fuel tanks and accessories were not installed. NACA instrumentation 
for the measurement of stability and control. characteristics vas 
installed. The remaining demonstration ~lights were made at Muroo 
Army Air Base, Calif., from October 1946 to June 1947. During these 
flights, the rocket engine was installed. For these acceptance 
flights, the Bell Aircraf't Corporation bad to demonstrate that the 
airplane had satisfactory stability and control characteristics up 
to a Mach number o~ 0.8 and also had to demonstrate flight loads 
o~ 8g at an indicated airspeed· not exceeding 500 miles per hour, and 
flight loads o~ 8g at the minimum speed at which this loading could 
be attained. Six glide flights and twenty powered flights were made 
during these tests. lfACA instruments to measure stability and control 
characteristics and aerodynamic loads were installed ~or all ~lights. 
Two Bell XS-1 airplanes vere used in these tests; one had a wing and 
tail thickness o~ 10 percent and 8 percent o~ the chord, respective~, 
and the other had a wing and tail thickness of 8 percent and 6 percent 
of the chord, respectively. lobst of the flights were made with the 
airplane with the thicker surfaces, but some data were obtained for 
the airplane w1 th the thinner surfaces. 

The present paper summarizes the results of the stability and 
c.ontrol tests made during the Bell conducted acceptance tests on the 
Bell :XS-1. The results of the aerodynalll1c-loads measur~ments are 
presented in reference 1. 

SYMBOlS 

V 1 indicated airspeed, miles per hour 

v true airspeed, feet per second 

• 

• 
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M 

g 

b 

Mach number 

acceleration of gravlty,'feet per second per second 

rolling velocity, radians per second 

wing span, feet 

partial derivative of yawing-moment coefficient with respect 
to angle of yaw 

~ airplane density factor (~b) 

m mass of airplane, slugs 

p mass dBnsity of air, slugs per cubic foot 

8 wing area, square feet 

normal-force coefficient 

w airplane weight, pounds 

p 8 static pressure, pound,s per square foot 

T (cd:d:hjdd.a.ch\ elevator effectiveness \< u J 

3 

The Bell XS-l airplane is a ·'Bingle-place, midwing monoplane 
powered by a four-cylinder, liquid-fuel rocket englne, built specifi
cally for flight research tn the transonic speed range. The physical 
characteristics of ths airplane as tested are listed in table I. A 
three-view drawing of the airplane is presented in figure l and 
photographs of the airplane are presented as figure 2. The variation 
of control-surface position with wheel and pedal :DDvement is presented 
in figure 3. Figure 4 presents no-load measurements of the control
system friction made by measuring the control position and control 
force as the control was slowly deflected. The large am:::mnts of 
friction tn the rudder and aileron control systems should be 
especially noted. 
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INSTRUMENTATION 

The NACA instrumentation installed in the Bell XS-1 airplane to 
measure the necessary quantities pertinent in determining the handling 
characteristics of the airplane consisted of standard NACA internal 
recording instruments synchronized by means or a timer, a 16-m!llimeter 
gun camera to photograph the pilot's instrument panel1 a six-channel 
NACA radio telemter, and an SCR 584 radar unit. 

The standard NACA internal recording instruments measured the 
following quantities: 

Indicated airspeed 

Pressure altitude 

Acceleration about three axes (normal., longitudinal, and 
transverse) 

Rolling or pitching velocity 

Sideslip angle 

Control positions (elevator, stabilizer, rudder, and right 
aileron) 

Control operating forces (elevator, aileron, and rudder} 

The NACA radio telemeter recorded the following: 

Indicated airspeed 

Pressure altitude 

Normal acceleration 

Elevator position 

Right aileron position 

Rudder pos1 t1on 

The SCR 584 radar set was m::>di ried for longer range and incorpo
rated an M-2 optical tracking unit to reduce the hunt inherent with the 
radar when tracking is done automatically. The radar recorded airplane 
azimuth and elevation angle and slant range from which the Bell XS-1 
flight path was obtai~d. 
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The use of' both internal and remote recording of the quanti ties 
necessary to determine control behavior enhanced the possibilities of 
obtaining data for each 'flight, even in the case of an accident . 
resulting in the loss of the airplane • 

The elevator deflections presented in this paper were measured 
with respect to the stabilizer. The stabilizer angles were measured 
wlth respect to the fuselage center line and are considered positiTe 
when the stabilizer nose is up. Rudder and aileron deflections were 
measured with respect to their neutral positions. 

A preliminary calibration of the error in the static-pressure 
system was made by the radar-tracking method. The results of ·this 
calibration, although limited, indicated that the static-pressure 
error was small and so, consequently, was neglected. 

TESTS, RESULTS, AND DISCUSSION 

5 

Since only a limitan number of flights were made during the 
acceptance tests, a complete evaluation of the hand.·lins characteristics 
of the airplane was not obtained. It is felt, however, that sufficient 
info~tion has been obtained to dete~e whether the airplane 
possesses satisfactory handling qualities for the speed ran89 tested 
~er normal operating conditions and to serve as a guide for future 
research flying at higher speeds. 

The Bell XS-1 airplane is carried aloft 1n the modified bomb bay 
of a B-29 airplane and. launched -at altitude. T)1e launching charac
teristics of' the Bell XB-1 are entirely satisfactory when the X5-l is 
dropped from the B-...~ at about -0 .3g normal acceleration. The XS-1 
is launched from the B-29 at an indicated airspeed of' 26o miles per 
hour so that launching is accomplished well above the stalling speed 
of' the XS-1, which is over 200 miles per hour when the XS-1· is fully 
serviced. 

Control-force and. position measurements obtained while various 
combinations of the four rocket chambers are either ignited or cut 
off' indicate that trim changes due to power are small. In view of 
the large changes in wing loading with the rocket ensine operating 
and difficulties experienced in determining airplane weight in flight, 
most of the results presented herein are for the fuel-empty con:iition. 
The wing loadinge and. center-of-gravity locations for power-on 'flight 
are therefore only approximations. 

Longitudinal Stability and Control 

The dynamic longitudinal stabill ty of the Bell XS-1 was investi
gat~a in maneuvers made by abruptly deflecting and releasing the 
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elevator control. Results of these tests are presented in figure 5. 
This figure shows that the short-period longitudinal. oscillation is 
completely damped. 

The static longitudinal stability was obtained from measurements 
of the elevator positions and forces required to trim at various 
speeds. Figures 6 to 9 present the results of these measurements. 
In figure 6 the elevator position and force required for trim as a 
runction of indic~ted airspeed is plotted for steady gliding flight 
at various wing loadings and stabil.izer positions for the airplane 
with the 10-percent-thick wing. Examination of the data shows that 
both the stick-fixed and stick-free static longitudinal stability are 
positive but low. The relatively high friction in the elevator 
control {±3 l.b) combined wl th the small size of the elevator and low 
stick-free stabil.i ty has the effect of masking the measured control. 
forces. The elevator-position variation with indicated airspeed of 
figure 6 is replotted in figure 7 as the variation of elevator 
poei tion for trim vi th normal-force coefficient. ~ elevator 
positions have been corrected to zero stabilizer angle by using a 
value of T, the elevator effectiveness, of 0.42 obtained from flight 
data. A marked increase in the stick-fixed static stability is 
noticed as maximum. lift is approached. These results are in general 
agreement with wind-tunnel. results~ 

The variation of elevator position with indicated airspeed and 
Mach number for steady power-on flight is presented in figure 8. The 
center-of-gravity location for these results was at about 22.6 percent 
mean aerodynamic chord as compared w1 th the center-of"-gravi ty location 
of about 25 percent mean aerodynamic chord for the results of fig
ures 6 end 7. The speed range covered was from an indicated airspeed 
of 284 miles per hour to 406 miles per hour and for a Mach number 
range from 0.53 to 0.75. The results as seen from this figure indicate 
that power has little effect on the longitudinal stability of the 
Bell :XS-1 up to the highest speeds tested. Also, no undesirable 
l.ongi tudinal-trim changes are indicated. 

The results of tests with the 8-percent-thick wing (fig. 9) in 
steady gliding flight, although limited, bear out the positive but 
low static longitudinal. stability evidenced by the results for the 
airplane incorporating the 10-percent-thick wing. No appreciable 
differences in the static longitudinal stability of the Bell :XS-1 air
plane with eit~er the 10-percent-thick or the 8-percent-thick wing 
are evidenced from these results (figs. 6 and 9). 

The elevator force and deflection required to produce a unit 
change in normal acceleration and the elevator deflection required to 
produce a unit change in normaJ.-force coefficient in turns are used 
to determine the longitudinal. stabill ty of the Bell XS-1 airplane in 
accelerated flight. These date. were obtained in turns with steadily 
increasing normal a.ccel.eration at en essentially constant airspeed and ,. 
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altitude so that complete data for a given Mach number would be 
obtained in one run. Time histories of two turns are presented in 
:figures 10 and ll. In one turn (fig. 10} the record swi i.ch was 
turned on after the turn was started, but the turn was fairly steady 
considerins the friction in the control system. In the other turn 
(fig. 11) the el.evator was mved in an unsteady manner and the rate 
of increase or acceleration with time was too high at the beginning 
of the turn. Since severa1 of the turns were made in this manner, 
the slopes of· the curves of elevator deflection against normal-force 
coefficient and. the elevator :force per s should be compared. only in 
a general way :for large changes in acceleration or lift coefficient 
for turns at different Mach numbers. Figures 12 through J.6 present 
the stick-fixed and stick-'.free accelerated-flight longitudinal
stabili ty results obtained from the turns. The Mach number range 
covered is from 0~48 to 0.75. The elevatol"-i)osition variation with 
normal acceleration and normal-force coefficient and the force 
per s gradients indicate a decrease in stability for turns (figs. 13 
to 16) made at Mach numbers from 0 . 65 to 0. 72 • At the highest Ms.ch 
number tested ( M ... 0. 75) en increase in longitudinal stability is 
indicated. (figs. 14 and 16). 

The elevator control in landing was sufficiently powerful to 
effect landings near minimum. speed vi th the stabilizer set near 

·neutral in the center-of-gravity range tested. Time histories of 
landings are Si ven in figures 17, 18, and 19. It should be noted 
that in figure 19 where the highest lift coefficient was reached, 
nearly full-up elevator was used. 

Lateral and Directiona1 Stability and Control 

The only measure of ail.eron effectiveness obtained during the 
Bell conducted acceptance flights vas obtained from a few rudder
fixed aileron rolls at ind.icated airspeeds of 153 miles per hour, 
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26o miles per hour, and 315 miles per hour. The reeults are plotted 
in figure 20 as the variation of helix angle pb/2V w1 th right 
aileron deflection. Examination of this :figure shove that although 
the maximum va1ue of pb/'2!l w1 th :fUll. aileron deflection as obtained 
in the rolls at an indicated airspeed of 260 miles per hour is below 
the minimum acceptable of 0.07 radian, the rate of chense of pb/'CN 
with aileron deflection compares fairly well with that of present
day fighters. The aileron control is considered satisfactory, 
however, because even though the maxim.un pb/2V obtainable vi th the 
Bell :XS-1 is low, the rolling velocities are fairly high because of 
the short wing span. No satisfactory measurem9nts of' the aileron 
control forces were obtained because the high aileron friction (see 
:fig. 4) masked the aileron forces. An indication of the effect of' 
tbe aileron f'riction in the handling characteristics of the Bell 
XB-1 airplane ie given in :t'igure 21_, which is e. sem.ple til:IS history 
f'rom a steady-flight record. The pilot is continually applying 
aileron force ; the ailerons 1 however, are not moving. 
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The static directional stability of" the Bell :XS-1 was JD9asured 
in continuous sideslips made by slowly deflecting the rudder and by 
using aileron end elevator control to maintain s:traight flight at 
constant speed. The results of these tests are presented in fig
ures 22 to 24 where rudder, aileron, and elevator position and angle 
of bank are shown as functions or sideslip angle. Do control-force 
measurelD9nts were made during these tests. The directional stability 
as 1nd!cated by the variation of" rudder position with sideslip engle 
is very high. Values of" Cnt calculated :rrom these data sbow very 

I 

close agreemnt w1 th the wind-tunnel measured value of" C~ = 0.0034. 

Tbis value of Cn indicates directional stability about three times ... 
as great as that JD9asured on fighters which were considered to have 
good directional stability. The lateral stability (dihedral eff"ect} 
is positive for all conditions tested as indicated by the variation 
of aileron poei tion w! th sideslip angle • The pitching DDment due to 
sideslip was small under all conditions tested'as shov.n by the 
variation of elevator angle w1 th sideslip angle. The cross-wind 
f"orce was positive; that is 1 right bank accompanied right sideslip. 

The sideslip due to the use of" ailerons was small even at low 
speeds due to the high directional stability and relatively low 
values· of helix allSle pb/2V. Time histories of aileron rolls made 
with rudder f"ixed are shown in f"igure 25. The rudder control was 
suff"iciently powerf"ul to overcome the sideslip due to the use of" 

· ailerons as indicated in f"igure 26, which presents time histories 
of abrupt aileron rolls in vtdch the pilot overcontrolled and used 
more rudder than necessary to overcome the sideslip due to ailerons. 

During the course of the acceptance flight tests, inadvertent 
lateral oscillations were encountered at f"airly high Mach numbers 
which were induced by small control m:>vements • These oscillations 
were poorly damped. A tilD9 history of" an oscillation encountered in 
straight f"light is presented in figure 27. An oscillation which 
occurred during a turn entry is shown in figure 28. A lateral 
oscillation following abrupt release of the rudder from a yewed 
condition is shown in :f"igure 29. It should be noted that the 
oscillation continues at small amplitude although the initial d~ping 
of the disturbance is satis:ractory. 

Previous anal7sis of the lateral-stability boundaries :ror the 
Bell :XS-1 indicated that, with the high directional sta.bili ty 1 the 
airplane was in the region of spiral divergence and well reDDved from 
the boundary of unstable lateral oscillations. These poorly damped 
oscillations were, therefore, difficult to explain. It vas thought 
that possibly fuel sloshing might be responsible :ror the poor damping 
of these oscillations since large quantities o:r :f"Uel are carried in 
spherical tanks. In order to investigate the possibility of the fuel 
affecting the damping of the lateral oscillation, a series of 
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pilot-induced. oscil..lations were made vi th various e.m:Junts of' f'uel 
aboard.. The altitud.e f'or the maneuvers was varied. so that the airplane 
dens! ty :factor and Mach number were essentially constant. The pilot 
attempted to deflect the rudder abruptly and then to return the rudder 
to neutral and hold it there. The results of' these tests are presented 
as till~' histories of' the rudder kicks in f'igure 30. As can be seen in 
this :figure, the pilot did not hold the rudd.er or ailerons steady af'ter 
initially def'lecting the rudder. It is difficult to draw any definite 
conclusions concerning the ef'f'ects of' fuel on the damping of' the 
lateral oscillations because of' these control motions. There is no 
evidence, however, that the presence of' :fuel aboard. had any e:ff'ect on 
the damping of' the lateral oscillations. 

Stalling Characteristics 

The stalling characteristics of' the Bell XS-1 were investigated. 
in unaccelerated :f'llght and. in accelerated. :flight. Time histories of' 
stalls ma.d.e with :flaps and gear up are presented in figures 31 and 32 
:f'or the Bell :XS-1 with the 10-:percent-thick wing. In tbe stall 
presented in f'igure 31, the pilot discontinued the stall approach at 
the f'irst roll-o:f:f. The pil.ot reported that the roll-o:ff' was 
preceded by buf'f'eting. In the stall presented. in figure 32, the 
pilot continued the stall approach a:f'ter the initial roll. An 
oscillation in roll developed which the pilot controlled up to the 

• stall which was evidenced by the airplane pitching downward. It 
should be noted that f'ull~p elevator was used at the stall. For this 
time history, it was asBU.m9d ·that the airpl.ene was at lg up to the 
time of' minimum .speed, in calculating values of' norma.l-f'orce 
coef'f'icient. A time history of a stall made with the Bell :XS-1 with 
the 8-percent-thick wing, f'laps and gear up, is presented in figure 33. 
The stalling characteristics. with the 8-percent-thick wing are similar 
to the characteristics measured with the 10-:percent~thick wing. Time 
histories of' stalls made w1 th :flaps and gear down are presented in 
figures 34 and 35 for the 10-percent-thick and. 8-percent-thick wings, 
respectively. The stalling characteristics with :flaps and gear down 
are similar to the characteristics w1 th flaps and gear up. The pilot 
reported stall warning in the form of buff'eting in all cases, and the 
rolling motions during the stall were never violent. The stalling 
characteristics in 1 g flight, as measured during the f'light tests, 
are in general agreement with the stallirig characteristics predicted 

·from the wind-tunnel tests. 

- The stalling cbaracteristics in accelerated :flight were considered 
satisf'actory. There was stall warning in the :form of' bu:f:feting, and 
there were no violent motions of' the airplane as the stall was 
approached.. A time history of a stalled turn is presented in figure 36. 
Time histories of abrupt pull-ups to the stall are presented in 
figures 37 and 38. It should be noted in figqre 37 that a rolling 
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oscillation accompanies the stall, but the airplane did not roll 
completely over when .the ailerons were not used. In figure 38, aileron 
control was applied at the stall and a snap roll resulted. 

CONCLUSIONS 

General handling-qualities results obtained during the acceptance 
teste conducted by the Bell Aircra:rt Corporation an the XS-1 airplane 
showed the following: 

1. In general, the handling qual! ties of the Bell :XS-1 airplane 
were satisfactory for all normal operating conditions tested, :rrom 
minimum speed to about a Mach number of 0.8, and the airplane should 
be satisfactory for a research vehicle. 

2. The large am:>unts of :f'riction in the control system made 
precision flying of the airplane difficult, and also caused diffi
culties in the measurement of control forces. 

3. No appreciable differences were noted between the handling 
characteristics of the Bell XS-1 w1 th the 10-percent-thick wing and 
with the 8-percent-thick wing. 

4. The static longitudinal stability was positive but low 
throughout the speed range tested. No abnormal trim changes due to 
Mach number effects were noted. 

5. The longitudinal stability in accelerated flight was positive 
throughout the speed range. A region of low stability was noted in 
the Mach number range from 0.65 to 0.72, but the stability is increased 
at a Mach number of 0.75. 

6. The elevator control was sufficiently powerful to effect 
landings near minimum speed with the stabilizer near neutral and the 
center of gravity at approximately 25 percent mean aerodynamic chord. 

7. The maximum value of pb/'ZV obtainable with full aileron 
deflection was below the required minimum of 0.07 but, due to the 
short wing span, the rolling velocities were high enough the.t the 
control was considered satisfactory. · 

8. The directional $tabil1.ty as measured in steady sideslips 
was very high. The sideslip due to the use of ail~rons was very low, 
and the rudder power was sufficient to overcome any sideslip due to 
roll. 
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9. The latera~ stab ill ty, as measured in steady sid.esli:ps, was 
:positive throughout the speed. range tested. 

~0. Poorly damped lateral oscillations were encountered -which 
cannot be accounted for by the relation of directiona~ stability to 
lateral stability, nor can the poor damping of these oscillations 
be attributed to fue~ sloshing. 

ll. The stalling characteristics were satisfactory in straight 
flight and. accelerated flight. 

Langley Memorial Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va. 
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,. 
TABLE I 

PHlSICAL CRARAC'l'ERISTICS OF BELL XB-1 .AI:RPLABE 

El'Jgine: . . . . . . . . . . . • • Reaction Job tors~ Inc. M:>del 6000C4 
1500 lb static thrust at sea level for 

each o-r the -rour rocket c;rllnders 
Rating . . . . . . . . . . 
Propellant: 

Fu.e1 • • • • • • • 
Oxidizer • • • • • • 

• • • • • • • • • • Diluted ethyl alcohol 
• • • • • • • • • • • • • Liquid oxygen 

• Approximately 7.9 lb/sec/cylinder 
• • • • !Ugh pressure nitrogen gas 

Propellant f'low • • •• 
Fuel feed • • • • • • • • • • • 

Weight for acceptance teats: 
Maximum: 

With full load and incorporating 8-percent-thick 
wing~ lb • • • • • • • • • • • • • • • • • • • • • • 12~ 250 

With fUll load and incorporating lQ-peroent-tbick 
wing~ lb • • • • • • • • • • • • • • • • 12,000 

Minimum: 
Landing condition~ 8-percent-thiok wing, lb • • • • 7,000 
Landing condition, 10-percent-thick wing~ lb •••••• 6, 750 
Without engine or accessories (Fla. tests), lb •••••• 4,230 

Wing loading: 
Maximum ( 8-percent-thiok wing w1 th :t'ull fuel load), 

lb/sq ft · • • • • • • • • • . • • • • • • • • • • 
Minimum ( 10-percent-thiok wing vi thout engine or 

accessories, Fla. tests), lb/sq ft ••••••• 

. . . 
. . . 

94.4 

32.6 

Cente~f-gravity travel, percent M.A.C ••• Maxilallll 22.1 percent -rull 
load to 25. 3 percent eJKpt;r 

Over-all height 1 ft . . . . . . . . . . . . . . . . . . . . . • 10.85 

Over-all length, -rt . . . . . . . . . . . . . . • • • • 30.90 

Wing: 
Area ( including section through :ruselage) sq :ft 
Span., .ft • • • • • • • • • • • • • • • • • • • 

. . . . . . . . . . . . . . . 130 
28 

Airfoil section ••••• NACA 65,-l.lO(a = 1) and NACA 65,-lOS(a = 1) 

Mean aerodynamic chord, in.: • • • • • • • 
Location ( aft of L .E • root chord.), in. 

Aspect ratio • • • . . . . . . 
Root chord, in. . . . . . . . . . . . . 

• • • • • • 57-71 
• • • • • 6.58 

. • • . 6 

74.2 
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TABLE I - Con~inued 

PHlSICAL CRABACTERISTICS OF BELL X8-l. AIRPLANE -Continued 

Tip chord, in. 

Taper ratio 

Incidence, 
Root • 
Tip •• 

deg: 

• 

• 

• 

• t • 

• • 

Sveepback ( l.eading edge), deg 

Dihedral (chord plane ) , deg 

Wing flaps (plain): 
Area, sq ft • 
Span, ft • 
.Chord, root, in. 
Chord, tip, in. 
Travel., deg • • 

Aileron: 

• 
• • 
• 

• 

• 

• • . . . 
• 

• • 

• • • 

. . • 
• • • 

• • • • 

• 
• • • • 

• 
• 

• 

• 
• 

37-l 

• 2.:1 

• 2.5 
• 1.5 

. 0 

11.6 
5.83 

• 14.84 
• 10.58 

60 

Area (each aileron behind hinge line ) , sq ft • • 3-15 
5.8 Span, ft • 

Travel, deg • • .• 
Chord, percent wing chord • 
Root-mean-square chord, ft 

Horizontal tail: 
Area, sq ft • 
Span, ft 
Aspect ratio • 
Distance f'rom airplane design c .g. to 

of tail, ft • 

Stabilizer travel, deg (power actuated) 

Elevator (no aerodynamic balance) : 
Area, sq ft • • • 
Travel from stabilizer, deg ••• 

Root-mean-square chord, ft 
Chord, percent horizontal-tail chord 

• 

• • • 
• 

• 

• 

• 

. . . 

• 
• 

• ±12 
15 

• 0.565 

. . . . . . • 

26.0 
11.4 

• 5 
25 percent M.A.C. 

• 

• 

• • 

. . 
• • • • 

• 

• 

5° .nose up. and 
10° nose down 

• • 5.2 
• • 15° nose up and 

• 
• • 

~ nose down 
• 0.464 

20 
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TABLE I - Concluded 

PB:1SICAL CHARACTERISTICS OF BELL X5-l AI:RPIANE -Concluded 

Vertical tail: 
Area (excluding dorsal ~in) 1 sq ~ • • • • • • • ••••• 25.6 
Tbtal height above horizontal stabilizer1 in. • • • • • • • 61.25 
Fin: 

Area (excluding dorsal) 1 sq ~t • • • • 
Ofiset from thrust axis 1 deg • • • • 

Rudder (no aerodyna.m1 o balance) : 
. .. . . . ••••• 20.4 

• .. • • . .. 0 

Area, sq ~t • • • • • • • • • • • • • • • • • • • • • • 5.2 
Span., :ft • • • • • • • • • • • • _. • • • • • 6.58 
Travel, deg • • • • • • • • • • • • • • • • • ,. ±.15 
Rootr-mean-square chord1 ~t • • . • • • • • • • • • ,. • . 0. 798 
Cbord 1 percent vertical-tail chord • • • • • • • • • • • • 20 
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... 

~----------~~00-'----------~ 

Figure ~.- Three-view drawing. XB-~ airplane. 
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17 

·- .... _ 

(a) Side view. 

-· ------~'l------
. - ji&L 

·=rs .. n" 

(b) Front view. 

Figure 2.- XS -1 airplane. 
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Figure 3·- Variation of control-surface deflection with pilot's control 
position. XS-1 airplane. 
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Figure 5·- Time histories of abrupt deflection and release of elevator 
control. XS-l airplane. ~ = 32.5 lb/sq ft-. 



Figure 6.~ Variation of elevator stick force end position required for tr:Lm with ·indicated ~ 
airspeed aa measured in ateaey gliding flight at various 'Wing loadings and stabilizer (0 

positions. Center-of-gravity location at approxillateq 25 :percent M.A.C. :m-1 airplane 
witb. JD-:percent-thick wing. 
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Figure 7·- Variation of elevator position, corrected to zero stabilizer 
position, required for trDn with normal-force coefficient for steady 
gliding flight with flaps and gear up. Center-of-gravity location 
at approximately 25 percent M.A.c.; XS-1 airplane with 10-percent
thick wing. 
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Figure 8.- Variation of elevator position with indicated airspeed and 
Mach number for trim in steady powered flight. XS-1 airplane with 
10-percent-thick wing. Center of gravity appro:x:imately 
22.6 percent M.A.c.; ~ = 89 lb/sq ft. Stabilizer position 2.1°· 



• 

Figure 9·- Variation of elevator stick foroe and position with indicated airspeed for trim 1:o. steady 
gliding fligh.t with several stabilizer aett:lnge. XS-l airplane with 8-percent-thick wing. 
Center of gre,vity 25 :percent M.A.c.; !! = 53.8 lb/sq ft. . s 
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(a) Variation of elevator position 
with normal aooeleration. 

Figure 1.2.- Results obtained in turns at Mach numbers o.f 0 .48 
and. 0 .49, XS-1. airplane with 10-:percent-thick wing. Gliding 

.flight; center o.f gravity, 25·3 percent M.A.C.; ~ = 51..9 lb/sq .ft. 
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(b) Variation of elevator position with 
normal-force coefficient. 

Figura 12.- Continued. 

29 
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(a) Variation of elevator position 
with normal acceleration. 

Figure l3.- Results obtained in turns at Mach numbers of' 0-53, 0.65, 

and 0 .69. XS-l airplane with lO-percent-thick wing. Gliding 

flight; center of' gravity, 25.3 percent :M.A.c.; R = 5l.9 lb/sq ft. 
s 
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(b) Variation of elevator position 
with normal-force coefficient. 

Figure 13. - Continued. 
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·(o) 

Figure 13.- Concluded. 

Variation of e~evator wheel force 
with normal aooe~erat1on. 

33 
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(a) Variation of elevator position 
with normal acceleration. 

Figure 14.- Results obtained in turns at Mach numbers of 0.68, 0.72, 
and 0 ·75 with power on. :X:S-1 airplane with 1.0-percent-thick wing. 
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Figure 14.- Continued. 

(b) Variation of elevator position 
with normal- force ooe:t'ficient. 
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(o) Variation of elevator wheel force 
with normal acceleration. 

Figure 14 •• - Concluded. 



a 
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(a) Variation of elevator position 
with normal acoelerat1on. 

Figure l5.- Results obtained in turns at Mach numbers of' 0.67, 0.68, 
:XS-l airplane with 8-percent-thick v.t.ng. Gliding flight; center 
of' gr-avity, 25 percent M.A.o.; W == 53.8 lb/sq f't. s 

37 
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Figure 15.- Continued. 

(b') Variation of elevator defiect1on 
with normal-force coefficient. 
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(o) 

Figure 15·- Concluded. 
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Variation of elevator wheel force 

with normal acceleration. 

39 
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(a) Variation of elevator position 
with normal aooeleration. 

Figure 16.- Results obtained in turns made at Mach numbers of 0.72 
and 0 .74. XS-1 airplane with 8-percent-thick wing. Gliding 

flight; center of gravity, 25 percent M·A .c.; ~ = 53.8 lb/sq ft • 
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(b) Variation of elevator angle with 
normal-force ooeffioient. 

Fi~e l6.- Continued. 

41 



42 

. l . 

l ·. l 

t . 
. ' 

.. .l I .. I .. 

. . . . ~. 

·.. -·-

NACA RM No. L8A09 

... J .. I ...... t· .. .-... L l . L._l I I .. I 1....1 . I I .... 
(c) Variation of elevator wheel force 

with normal acceleration. 

Figure 16.- Concluded. 
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Figure l7.- Time history of a landing, :XS-l airplane with 8-percent

thick wing. Center o:f gravity, 25 percent M.A.C. li = 53.8 lb/sq f't. s 
Stabilizer angle, l.75°. 
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I' I f .. --· ..... ______ _ 

Figure 18.- Time history of a landing, XS-1 airplane with 10-percent
thick wing. Center of gravity, 25·3 percent M.A.c. 
R = 51·9 lb/sq ft • Stabilizer setting, 0 .t?. s 

.. 
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Figure 1.9.- Time history of a landing, XS-1. airplane 'With 
10-percent-thick wing. Center of gravity, 25 percent M.A.C. 
H. = 32 ·5 lb/ag_ ft. Stabilizer setting, 1..1.0 • s 
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Figure 20.- Variation of helix angle pb/2V with change in risb.t 
aileron deflection as measured in clean condition, rudder-fixed 
aileron rolls. XS-1 10-percent-thick'""Wing airplane. 



~· 

Figure 21..- T:r.pical t:tme histocy ahoy1ng aileron force and position du.ri:cs stead;y flight. 
lB-l airplane 'With JD-percent-th1ek wing. 
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(a) v1 = 130 mph. 

Figure 22.-SteadY sideslip characteristics, XB-1 airplane with 
10-percent-thick wing. Gliding f'light; f'laps a."'ld gear down. 
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.. 

(b) Vi = 150 mph. 

Figure 22.- Continued. 
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" 

(c) v1 = 172 mph. 

Figure 22.- Concluded. 
" 
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(a) Gliding flight~ vi = 150 mph. 

Figure 23.-Steady sideslip charaoteristics~ XS-l airplane with 
lQ-:percent-thick wing. Flaps and gear up. 

51 



52 NACA RM No. L8A09 

' : 

:;_. -0"_ •1g "'' ' 
·~- ~ . ;_ 

,:-;;· ,, .· 
1it j-:f ;j_•: ' o I . · 

i if! "' - Lt --. r!~ 
<;-_o: [;j,l-!:'' ;~~: t'~ · · ~r' ill c:.\.i '~2 -. 
1:': r<tE~ · -n, -. ~-~} ii t4r , .. '': ;:-,~ ;R ~· r.:·~: ,, f~. iJ. 
li " . .. oi:::!: .• lt~fii-~· e:~ · tti I~ . t>+< 

. . .o• . ~f:!i·>;;. I'"' ·f-• - •: .:j~,:';•J;.''UA-4--~t4~~j2Z4.;..+-+.-:+-t--;.f .. -.j 
··:" :-; . ' -·-: ·. :•(:.- i~,-f--:.· ·" ," ::-,• .-.: ·; -" ' ,-Jl-' -~ '" 
[i '·i · T· ,. '" I·· · '':; r-·:- · ,.-.r• -. c' -.-
~~ ~~,#~~~~ ~~ ~~ l-~~~~~b.~2, . 
c';'tll_ ~2': ~,::-: '". I'; .~- ----:. I ~\ ff' ' ' t_ 11~---. r.' 
'~'iii< , _ . - · . · EF"--i ~- h. - ro;. .. · · · 'l:·~: - ''f'ii' tfut>st~,t~t·''i 6-~ ~ ' ".·_ 

, ~~~ I·V ~~~~:; ~-~,~~ ~ ~~ 
, , · ·- ~ _ f· · 1-- lei. ~J:J~~o- ·f:'_ . : ., ''"' lr . · 

I• 

:· ! 

.;.' 
---...,_ . NACA / 1--t'' -+-+-+-1-+-t----l 

--....,-r 
r·. :.< . -., ._- - :; r . 

'" .,_, 
t-. i-· J;. 

... , ·_.,_ 

- ._,- . -- I 

.. - . '----· "" -·-- -- , __ --

(b) GliQing flight, v1 = 247 mph. 
• 

Figure 23.- Continued. 



NACA RM No. LBA09 53 

:o=.; ;g;~ 
'f ::C: £:.~. ~ c-:c i:i t'S.~[·~- ':..St"'C:: 

·~ -~ ·~ 3 ·---~·~~~~ 
~~ ~"~~- r~ 1~~~~~h ~:~ 7 

~· ~710 ~~;~; ~· ~;0 ~ -~ 

u,~J.j,c '=~l.: ,:;'.':_::;- -'.CT·.-:r:.-:;,;,;. :::•: • -:.: _,,.- .::-::-.f_.., r'-:- . ___ ::_-, __ ·' ,~~ r~-- .•• , C-'· ~: t-:: :::-~: 

~ ~:~::<~R ~" -~~ :~~· ~- ;;7'~-fc:~~~~:~~~: 

g ~~~-~0~N·~ ~? ~~~-~:~~ ~~~- ~- ~ ~- ~~~ 
.. ;·.-; _,.. -~·~~ :o-.:f· 1-->;,< :,j_--i.r:·; • -: 

~F~~§~~· ~- ~i~~ ~-~--'I· :.~ ~:~ 
~~ ~,- -·~ -~- :~~·~~~~ 

,:,;:-: ~1· ~::r'-::";~-· •,';, rc " •o: -- '" .. f::0 ~--. 
~~· ·~~ ~~~.:·~~'!•· • 1-'. I': -:~t'::~:~ 

=-... --"-'"''.-"' ~ ~ -. ·_ ~!:tl-: ::::·• ._ f~::',~ .. :: 1:':: :r\- ,f. r r,•. -~ 

~~:S:~i':: ::.;" ::·!. "~ .:-t-'":~-, :; [''' ·.;_; '~'{; ·. t.:-·:_ ;., .. f:: ' :~J'. :~. ·:~1::·:: 
,:,_+;:,l-§:-.~-~"1~~:-c·:,c'• .. -·:;::y,:, ::•::_-,-.~ -":--l:-: [.--· ::-' -,;.; 
::::;~ ::-~ .;~ ~;~;j[C:'F-· f;•. ~- 'f.- =:-: l0 c' ;-:,.,:·:::;"j"• ;~ .. '.': c;.:-•· .. :::,i.=:': 
~- R.i ,~~~ '"' 'fi.r'sf-; :"!! ~ >~~::r:-; :"'~ :_: .. _~;:r~. -"_F - --:~-'"f.'!-

~,, ""':: :s:•:- •:-:.~f: §'\ ' 1=" ';:-_:;:. ,:::~T- ;;.:'i~ii_.;f.::i 

E?F"C':'t~. ·· :,;.; f•> t:c- r·~, ~:- E~:'f,::§: 'J c•:::t, I"<=,:·~ >- :. ·:.: ·. :-': "> ·; 
~ p:, .~::: ::,;.f[_i.r.;_ :'::.. ~~ ~ •" . "' '- "~~ '':::. > .: :.:';: ~i': 
t".:""t-'"=-:I.':C"-'"':t::.n'l'"t:.,tf'c· ",::£C f''"' .. :? ~~ . ["""_c. !_-"': :.:·,r:~'-1'"- '-.:B F- . :0:• F-'!' '":-'..:: c:- ~c:· .-' ,, :-~_ ·--~ ··::: 

~'-'f,~ ~~ffi 7~ -~ ~~- .~ :~, ~!'r~ 

L 
~ ~~~,~~ ~,~~ i~~~~£ -~ J ~; ~ ;~ ~' ~-~~~ 

l:-. ""l'.c.' -"- -,_. •. E':o- .'·.. E:''.--o-J-'-'.F"•I-oi-·'~-,·.r'--F7 <=·· .. ,_X·-'.-· :r·~ :='• 

. - I' i- j'--· :- ,_, _ -: F- "f'· :"c ~::' .· '- · __ , · .: - -- . 
lc: ·.-'· l--: -'~ ~: .:1. · -~ ~; ..s:,:c 1-- ~. _., _,, r-.-- ., 

.. 
" 

:c 

-- ._:.: 
.· 

:· _, j · .. :.i_ -- f· 

~ ::- -

i•· 

(c) Power on; Vi = 4oo mph; M = 0.72. 

Figure 23.- Concluded. 
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Figure 24.- Steady sideslip characteristics, XS-1 airplane with 
8-percent-thick wing. Power on; flaps and gear up; Vi = 295 mph; 
M = 0·77· 
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Figure 26.- Time histories of aileron rolls at 150 mph ~n 'Which the 
pilot used more rudder than necessary to overcome the sideslip 
due to ailerons. XS-1 airplane. 
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Figure 27.- Time history of a stick-fixed inadvertent lateral 
oscillation. Gliding flight; relative density factor, 1.1 of' 
about 100. :XS-1 airplB.ne with lD-:percent-thick wing. 

.(,. 
) 



58 NACA RM No. L8A09 

Figure 2cL- Time history of an inadvertent lateral oscillation in a 
power-off turn, rough air. Relative density factor IJ. o:f about 45· 
XS-1 airplane with 10-percent-thick wing. 
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Figure 29.- Time history of abrupt rudder release with power on. 

M = 0 ·73, li = 72.1 lb/sq_ f't. XS-l airplane with 10-percent
S 

thick 'Wing. 
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(a) Full .Fuel. 

Figure 30.- Time histories of abrupt rudder kicks with 
essential~ constant relative density factors and an 
average Mach number of about 0.74o. Various amounts 
of fuel aboard. XS-l ~ercent-thick-wing airplane. 

• 
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(b) 4o percent fuel. 

Figure 30.- Continued. 
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... 

(c) 25 percent fuel. 

Figure 30.- Continued. 
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... 

.. 

.. 
(d) No fuel. 

Figure 30.- Continued. 
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.. 

.. 

(e) No fuel. 

Figure 30.- Concluded. 
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Figure 31.- Time history 'of' a steady stall. XS-1 airplane with 
10-:percent-thick wing. Gliding f'llgb.tj f'la:ps and gear up. Center 

of' gravity, 25 percent M·A·C. !! = 56.3 lb/sg_ f't • Stabilizer s 
position, 0.25°. 
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Figure 32 •- Time history of' a steady stalL XS-1 airplane 'With 
10-percent-thick wing. Gliding flight; flaps and gear up; 

R"" 32·5 lb/sq ft. Stabilizer settings, 1.0°. s . 
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Figure 33·- Time history of a stead,y stall, xs-~ airplane with 
8-percent-thick wing. Gliding flight; flaps and gear up. 

~ = 53.8 ~b/sq f't. Stabilizer setting, 2.35° •. 

67 
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Figure 34·- T1me history ·of a steady stall, xs-1 airplane 'With 
10-perG.ent-thick w:tng. Gliding flight, flaps and gear down. 

Center of gravity, 25 percent M.A.C. ~ = 32.5 lb/sq ft. 

Stabilizer setting, 1.0°. 
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Figure 35·- Time history of' a steady stall, XS-1 airplane with 
8-:percent-thick wing. Gliding f'ligb.t, f'la:ps and gear down . 

Center of' gravity, 25.0 :percent M.A.C. R = 53.8 lb/sq f't. s 
Stabilizer :position, 2-35°· 
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Figure 36.- Time history of a stalled turn. XS-1 airplane with 
10-:percent-thick wing. Center of gravity, 25 :percent M·A·C · 

1i = 51.9 lb/sq ft. s 
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XS-l airplane with lO~ercent
thick wing. Center of 
gravity, 25.3 percent M.A.C· 
w S = 51·9 lb/sq ft. 

(b) XS-l airplane with 8-percent
thick wing • Center of 
gravity, 25 percent M.A.c. 
w s= 53·8 lb/sq ft. 

Figure 37.- Time histories of power-off abrupt pull-ups. 
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Figure 38.- Time history of an abrupt pull-up followed by a snap roll. 
XS-l airplane with 8-percent-thick w.tng. Center of gravity, 

25.0 percent M.A.c. 'K = 53.8 lb/sq ft. Stabilizer position, 2° .. s 

- --· ~ 


